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The multiplicity of charged particles produced in Au+Au collisions as a function
of energy, centrality, rapidity and azimuthal angle has been measured with the
PHOBOS detector at RHIC. These results contribute to our understanding of the
initial state of heavy ion collisions and provide a means to compare basic features
of particle production in nuclear collisions with more elementary systems.
1 Introduction
Gold-gold collisions at RHIC provide the largest and potentially the dens-
est partonic system available in the laboratory. The multiplicity of charged
particles has been studied as a function of center-of-mass energy (
√
s), central-
ity, rapidity and azimuthal angle using the PHOBOS detector1, which covers
most of the available phase space. These studies provide an understanding
of the basic properties of the initial state, such as the effects of the collision
geometry and parton saturation2. They also allow systematic comparisons
of particle production in nuclear collisions with more elementary systems like
proton-(anti)proton and proton-nucleus collisions.
2 Experimental Setup
The PHOBOS detector1 consists primarily of silicon pad detectors mounted
close to the RHIC beampipe. Charged particle multiplicity is measured in 4pi
using a combination of the “Octagon” detector which covers |η| < 3 (where
η = − log tan(θ/2)) and a set of six “Ring” detectors that cover 3 < |η| < 5.4
with pads sized such that they cover approximately equal bins in pseudora-
pidity. The vertex position is measured by two subdetectors, a high-precision
vertex detector consisting of two silicon planes above and below the beampipe
as well as a 16-plane spectrometer covering −1 < |η| < 2.
To detect collisions and estimate centrality3 (here characterized as the
number of nucleons that interact inelastically), we use a combination of two
sets of 16 paddle counters and two zero-degree calorimeters (ZDCs) located
along the beam-line at distances of 3.28m and 18m from the interaction point
in either direction, respectively.
3 Charged Particle Distributions
PHOBOS has produced the first measurements of dNch/dη near mid-rapidity
at all RHIC energies to-date4, as well as detailed studies of the centrality de-
pendence of dNch/dη
3. These measurements are important for understanding
the initial gluon density and are discussed elsewhere in these proceedings5.
To measure dNch/dη with the octagon and ring detectors, we use two
different techniques6. The first (“hit counting”) is based on a determination
of the number of hits in the silicon as a function of η. We correct the raw hit
multiplicity, as a function of η, for occupancy (assuming Poisson statistics),
geometrical acceptance, and background expected from Monte Carlo simula-
tions. The second method is based on associating the energy deposition in
each pad with the charged particle multiplicity.
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Figure 1. a.) Comparison of charged-particle pseudorapidity density for central (open
circles) and peripheral events (solid points) at
√
sNN = 130 GeV and b.) Comparison of
central data with HIJING (solid line), AMPT (dashed line) and pp data (shaded band). c.)
Pseudorapidity distribution for the most central events at
√
sNN = 130 (open squares) and
200 GeV (closed squares), shifted by the beam rapidity. Limiting fragmentation is observed
for η − Ybeam > −2. The crosses show data from UA5 for proton-antiproton collisions.
Systematic errors are not shown, but are the same as in b.)
The data obtained at
√
sNN = 130 GeV shows several interesting
features6. As can be seen in Fig.1a, while the multiplicity density scaled
per participating nucleon pair increases at mid-rapidity for more central col-
lisions, it decreases outside of |η| = 3 − 4. Fig.1b shows that the HIJING
model7, which includes no additional parton cascading, does not reproduce
the data near |η| = 3 − 4, unlike models (e.g. AMPT8) which include such
effects. Finally, by comparing central events at
√
sNN = 130 and 200 GeV
as a function of η′ = η − Ybeam in Fig. 1b, we observe that the distributions
obey “limiting fragmentation” for η′ > −2 as seen in the UA5 pp data9. The
UA5 distribution at
√
s = 200 GeV has a shape similar to the PHOBOS 200
GeV data but is 30-40% lower at all pseudorapidities.
4 Elliptic Flow
To look for effects from initial state pressure gradients in peripheral collisions,
we have studied the second Fourier coefficient, v2, of the azimuthal distribu-
tion relative to the reaction plane10. We have measured v2 vs. centrality and
found that it is at a maximum (5-6%) in peripheral events and decreases to
2-3% in the 6% most central events. This maximum value scales with energy
in a similar way to the charged-particle multiplicity, as shown in Fig. 2a. A
preliminary analysis also indicates that v2 vs. η has a shape approximately
similar to dN/dη, as shown in Fig. 2b. Both of these facts are consistent
with the flow signal reflecting the asymmetry in the particle density, with no
additional contribution from hydrodynamic evolution.
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Figure 2. a.) Data on v2 vs. the multiplicity per participant pair for three different energies
(AGS, SPS and RHIC). b.) Preliminary data on v2 vs. η compared with a pseudorapidity
density distribution of charged particles for a similar centrality, normalized to equal area.
Conclusions
The PHOBOS collaboration has studied charged particle distributions as a
function of
√
s, centrality, rapidity, and azimuthal angle. The multiplicity
studies provide information about the initial gluon density and provide a
direct connection between high-energy pp and AA collisions. The elliptic flow
results imply the presence of initial state pressure gradients but they are also
broadly consistent with simple scaling with the rapidity density.
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The multipliity of harged partiles produed in Au+Au ollisions as a funtion
of energy, entrality, rapidity and azimuthal angle has been measured with the
PHOBOS detetor at RHIC. These results ontribute to our understanding of the
initial state of heavy ion ollisions and provide a means to ompare basi features
of partile prodution in nulear ollisions with more elementary systems.
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1 Introdution
Gold-gold ollisions at RHIC provide the largest and potentially the dens-
est partoni system available in the laboratory. The multipliity of harged
partiles has been studied as a funtion of enter-of-mass energy (
p
s), entral-
ity, rapidity and azimuthal angle using the PHOBOS detetor
1
, whih overs
most of the available phase spae. These studies provide an understanding
of the basi properties of the initial state, suh as the eets of the ollision
geometry and parton saturation
2
. They also allow systemati omparisons
of partile prodution in nulear ollisions with more elementary systems like
proton-(anti)proton and proton-nuleus ollisions.
2 Experimental Setup
The PHOBOS detetor
1
onsists primarily of silion pad detetors mounted
lose to the RHIC beampipe. Charged partile multipliity is measured in 4
using a ombination of the \Otagon" detetor whih overs jj < 3 (where
 =   log tan(=2)) and a set of six \Ring" detetors that over 3 < jj < 5:4
with pads sized suh that they over approximately equal bins in pseudora-
pidity. The vertex position is measured by two subdetetors, a high-preision
vertex detetor onsisting of two silion planes above and below the beampipe
as well as a 16-plane spetrometer overing  1 < jj < 2.
To detet ollisions and estimate entrality
3
(here haraterized as the
number of nuleons that interat inelastially), we use a ombination of two
sets of 16 paddle ounters and two zero-degree alorimeters (ZDCs) loated
along the beam-line at distanes of 3.28m and 18m from the interation point
in either diretion, respetively.
3 Charged Partile Distributions
PHOBOS has produed the rst measurements of dN
h
=d near mid-rapidity
at all RHIC energies to-date
4
, as well as detailed studies of the entrality de-
pendene of dN
h
=d
3
. These measurements are important for understanding
the initial gluon density and are disussed elsewhere in these proeedings
5
.
To measure dN
h
=d with the otagon and ring detetors, we use two
dierent tehniques
6
. The rst (\hit ounting") is based on a determination
of the number of hits in the silion as a funtion of . We orret the raw hit
multipliity, as a funtion of , for oupany (assuming Poisson statistis),
geometrial aeptane, and bakground expeted from Monte Carlo simula-
tions. The seond method is based on assoiating the energy deposition in
eah pad with the harged partile multipliity.
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Figure 1. a.) Comparison of harged-partile pseudorapidity density for entral (open ir-
les) and peripheral events (solid points) at
p
s
NN
= 130 GeV and b.) Comparison of
entral data with HIJING (solid line), AMPT (dashed line) and pp data (shaded band). .)
Pseudorapidity distribution for the most entral events at
p
s
NN
= 130 (open squares) and
200 GeV (losed squares), shifted by the beam rapidity. Limiting fragmentation is observed
for    Y
beam
>  2. The rosses show data from UA5 for proton-antiproton ollisions.
Systemati errors are not shown, but are the same as in b.)
The data obtained at
p
s
NN
= 130 GeV shows several interesting
features
6
. As an be seen in Fig.1a, while the multipliity density saled
per partiipating nuleon pair inreases at mid-rapidity for more entral ol-
lisions, it dereases outside of jj = 3   4. Fig.1b shows that the HIJING
model
7
, whih inludes no additional parton asading, does not reprodue
the data near jj = 3   4, unlike models (e.g. AMPT
8
) whih inlude suh
eets. Finally, by omparing entral events at
p
s
NN
= 130 and 200 GeV
as a funtion of 
0
=    Y
beam
in Fig. 1b, we observe that the distributions
obey \limiting fragmentation" for 
0
>  2 as seen in the UA5 pp data
9
. The
UA5 distribution at
p
s = 200 GeV has a shape similar to the PHOBOS 200
GeV data but is 30-40% lower at all pseudorapidities.
4 Ellipti Flow
To look for eets from initial state pressure gradients in peripheral ollisions,
we have studied the seond Fourier oeÆient, v
2
, of the azimuthal distribu-
tion relative to the reation plane
10
. We have measured v
2
vs. entrality and
found that it is at a maximum (5-6%) in peripheral events and dereases to
2-3% in the 6% most entral events. This maximum value sales with energy
in a similar way to the harged-partile multipliity, as shown in Fig. 2a. A
preliminary analysis also indiates that v
2
vs.  has a shape approximately
similar to dN=d, as shown in Fig. 2b. Both of these fats are onsistent
with the ow signal reeting the asymmetry in the partile density, with no
additional ontribution from hydrodynami evolution.
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Figure 2. a.) Data on v
2
vs. the multipliity per partiipant pair for three dierent energies
(AGS, SPS and RHIC). b.) Preliminary data on v
2
vs.  ompared with a pseudorapidity
density distribution of harged partiles for a similar entrality, normalized to equal area.
Conlusions
The PHOBOS ollaboration has studied harged partile distributions as a
funtion of
p
s, entrality, rapidity, and azimuthal angle. The multipliity
studies provide information about the initial gluon density and provide a
diret onnetion between high-energy pp and AA ollisions. The ellipti ow
results imply the presene of initial state pressure gradients but they are also
broadly onsistent with simple saling with the rapidity density.
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